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ABSTRACT
The-National Science Foundation (NSF1.annually

publishes informatiOn generated by its survey of research and
developinent (R&D) expenditures by United States industry. These data
are collecte# for NSF by the .U.S. Bureau..of.the Census. Other
orgallizations also publish information on industrial R&D expenOitures
collected by surveys or derived from secondary sources. They ificlude:
(1) U.S. Securities and 'Exchange ComMissionj (2) "Inside R&D".
newsletter; (31 "Business-Week" magazine; (4) McGraw-Hill
Publications Company; (5) "Research and Development", magazine; (6)
Battelle Memorial Institute; and (7) Industrial Research.Institute.
Thi's report examines NSF's annual survey andthe seven additional
sources of information orb R&D spending and related activities. It
includes a description of the information provided by each,source,
the definitions of R&D used, and the extent of coverage of the
industrial sector. The report then proceeds to compare these items
with those of the NSF survey. Information 011 how NSF And the seven
other sources treat domesticR&D spending by foreign firms is
included. (JN)
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enables tndividuals with hearing impairment to communicate with the Division of Personnel and
Management for information.relating to NSFprograms..employment, or general information. This
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The industry sector is both the leading performer and largest source of funding of
research and developffient in the United States. Thust there is a strong interest among
Federal and State legislators, budget officials, and industry officials in accurate and
timely information on industrial research and development (R&D) activities. Several
organizations, including the National Science Foundation (NSF) periodically publish
data on industrial research and development including total expenditures, sources of
funding, number of scientists and engineers, and sales.

This report examines NSF's annual survey of industrial research and develop- ,
went and seven other Nur es of information on R &D spinding and related activities.
It includes a descriptio^f t e information provided by each source, the deftnitions of
research alid. developmefit sed, and the extent of coverage of the industrial sector.
The report'. rOceeds to compare these items with those of the NSF survey. These
comparisdn Auld be useful to policymakersin interpreting the findings of various "-

studies that use one or more of the sources in their analyses. A

March 1985

Charles E. Falk NI

Director, Division of Science
Resources Studies

Dirfctorate for Scientific,
Technological, and
International Affairs
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The National Science Foundation °(NSF) annually publishes information giner-
ated by its surrey of research and development (R&D) expenditures by U.S. industry.
These data are collected for NSF by the U.S. Bureau of the Census. Other organiza-
tions also publish information on industrial R&D expenditures collected by surveys or
derived from secondary sources. This report examines seven: U.S. Securities and
Exchange-Commission (SEC); Inside R&D; Business Week; McGraw-Hill Publidations
Company; Research and Development magazine; Battelle Memorial Institutekand the
induitrial Researcipstitute (IRI). Three of these seven sources of information 6n.
R&D *expenditures use the NSF/Censils data as the base for their,. projections.

Frequently, inquiries question differericqs between NSF data and informcition
published by different organizations. This repOrt was prepared to explain the reasons
underlying Wese differences.1, The NSF/Census survey,- which has been conducted
annually for almost 30 years, uses a statistically weighted sample that represents firms
in identified R&D-performing industries in the United States, including privately held
and foreign-owned companies. The sample obtains at least 98 percent coverage of
-itidustrial R&D expenditures. To prompte data consistency, the respondents are
provided With . detailed definitions of research and development. High leveIs of
participation are ensured by the legal requirement to provide four key data elements:
total R&D expenditures, Federal R&D expenditures, domestic net sales, and domestic
employment. In view of these factors, the NSF/Census survey may be considered the

. most comprehensive overall source of industrial R&D data. Although several sources
publish R&D information for other sectors of the economy, this. discussion is confined
to those covering R&D performancesby U.S. industry. The methodology and content
of each' source care described individually.

; The Foundation published a similar comparison in May t978: NSF 78-303. This report provides an update of that
earlier work.

S



summary

I

Four sources of information on indus-
trial. R&D expenditures compared with
the NSF /Census survey in this eport
provide estimates of total U.S. in stria!
R&D expenditures. Two other s urces,
Inside R&D and Business Week, which list
individual coripanies and their mp ex-
penditures, 'da not provide estimates of
R&D spending for the entire U.S. ir..ius-

litrial sector`The seventh source, t e SEC,
does not aggregate data reported by indi-
vidual com anies. .

Securitie and Exchange Commission
(SEC) form ,10-K and 10-Q are received
each year frOm more than 10,000' corn-
panics. The SEC does not aggregke the
collected data on either a t4I or an in-
dustry-by-industry basis. Publicly held
companies with "material" expe itures
for research and`development re re-
quired by law to filesele' aed R&D infor-
mation in these submissions. Com-
panies with R&D spending not large
enough to he "material" (as into reted
by their accountants), prilfate held
companies, regulated utilitie , and
transportatiw companies are get erally
exempt from filing R&D inform Lion.
Thus, some firms with relatively large
R &D programs are not required to sup-
ply q&D informatipn to the SEC. tr,
Lion, company "R&D" data repoited to
the SEC may contain spending for cL

tivities that fall outside the scope of re-
search and development as defined by

L

V.

NSF; e.g., engineering and technical
services. SEC forms 10-K and 10-Q and
information from company annual re-
ports are the basis for estimates by Inside
R&D newsletter and Business Week
magazine. /**

Inside R&D uses data from the I00
'largest R&D performers compiled by
Standard and Poor's Compustat Services
from &A 10-K forms firms submit to the
SEC. Egtiffiates of the previous year's
growth rate for total company-financed
researsb and development for .the 100
companies were each year within 3 per-
centage points of NSF/Census figures for
the 1951-83 period. There are no data,for
individual industries.

Research and Development magazine
publishes estimates of R&D funding for
the ensuin year for each of the major
seclors of t e economy but not for.indi-
yidual. industries. Estimates for both
company .and Federal funding are
provided for total industrial research
and development. These, forecasts are
based upon SE.:. reports (form 10-K),
Federal Government budget data, com-
pany annual reports, and a telephone
survey of about 45 companies. R&D fore-
casts for P81-83 were annually 4 percent
to 7 percent above NSF/Census data.

Battelle uses an economic model 'to
project R&D expenditures by source and
by performer, iricrucling individual in-
dustrig; based upon NSF data. From

\

1981 to 1983 total industrial R&D projec-
tions were annually 6 percent to 10 per-
cent below NSF figures; indiVidual in-
dustry projections for those .years dif-
fered from NSF/Census data by as much
as 30 percent. Ar"

The Industrial Research Institfite (IRI)
in recent years periodically surveyed its
membership, about 275 companies', to
obtain inforrhation on anticipated rela-
tive changes in their own financing of
research and development. The most re-
cent survey covered 1984 and 1985. Re-
sults of these surveys cannot b.slirsctly
compared with data from other sources
because IR! reports only in terms of per-
centages of companies describing their
R&D expenditures as "significantly
less,'"slightly less," 'approximately the
same," "slightly more,.` and "signifi-
cantly more" for 1985 over the previous
year.

Business Week also uses the Com-
pustat Services data to estimate com-
pany-funded research and development
for theprevious year. Based on approx-
imately 800 companies, Bu, iness Week's
totals are about 10 percent lower than
those of NSF/Census, 'but the former's
annual growth rates for total eompany-
funded research and development are
very close to those of NSF/Census. Busi-
ness Week also publishes R&D data for
"industry composite" segments but
these often differ from NSF's individual

3
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industry c ssi ications because the latter
uses t overriment's Standard Indus-
trial lassification (SIC) system.

McGraw-Hill queries approximately
1,200 companies on expected R&D fund-

* ing for the coming year and on percent-

4

I

,

change estimates three years into the hi-
tore. Estimates of industrial R&D spend-

including both company, and
Federal funding,,over the 1981-83 periiicl
ranged annually from 6 percent below to.
1 percent above NSF/Census data. Indi-

Table 1. Comparison of national R&D data

Niidual industry estimates for each of
those year4.have shown greater dif-
ferences----as much as 26 percent.

Table 1 provides a ready reference to
The information covered in the various
surveys and estimates.

p

Items compared

Actual data Estimates

NSF/
Census

SEC
(Form
10-1{)1

Inside
R&D2

Business
Week'

McGraw-
Hill

Research
and

Development
Magazine Battelle

Type of information provided

Differences between NSF/Census Bureau data for

Pb PD PD PD CE ,CE
we,

FE NA

1983 .
Total industry baleis NA NA NA -6% 74% NA

By individual industry (range) NA NA -2% to -9% NA -16% to, 4%, NA

Major data elements:

Total industry R&D expenditures Yes No No No Yes Yes
,.

Yes No
Individual industry icifrD expenditures Yes No No Yes5 Yes No Yes No

/ Projection beyend 1983 Yes No No No Yes No No Yes
Source of R&D funds Yes Yes No No , No Yes Yes Yes

*Net sales Yes Yes No Yes No No No Yes
Total company employment Yes Yes No No No. No No Yes
Character of work 143s5 No No No No No No No
11,pe of cost Yes No No No No No No Yes
Energy research and development Yes No Nom No No No No Yes

Pollution abatement research and development Yes No No No No No No Yes

Research and. development contracted out Yes No No No No No' Yes Yes
R&D employment Yes, Yes No No No No No Yess

Producvprocesg research and development Yes No No No Yes5 No No Yes
Capital R&D spending No Na No No No No No Yes
Research and development performed abroad by
U.S companies Yes No - No No Nor No No Yes
Regulatory research and development Yes No No .No No No Yes
Marketing/R&D relationship No No No No No No No

1983 data available 9/84 4/84 6/84 7/84 5/83 1/83 12/82 A
7.
' Presented on an IN:Wm:Spat company

the SECFor 100 of the largest R&D spenders as
For 800 of the largest U S companies as reported tethe SEC

4 Actual dollar data not proyoded. Indications of chances in R&D ttInding revels are gmsn only In nortguantitative terms.
5 riVicates additional detail available.
5 $usiness Week's "industry cornpcisrter are not comparable with the NSF/Census industnat classittation

NOTES PD means 'past year data: CE means 'current estimate.' FE means 10 -aerd estimate." and NA means "not applicable

kt;OLIFIDE Natin4 Scierippoonoehoo
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definitions

Although not the primary cause of dif-
ferences among the R&D expenditure to-
tals reported by the sources, some defi-
nitional variations do' exist. It is not
possible to identify precisely the extent
that these variations affect the informa-
tion, because differences are caused by a
combination of factors ;. such as sample
size and the treatment of R&D outlays by
subsidiaries of foreign-owned firms.

Of the.eight sources of information on
industrial R&D expenditures, Baftelle
and Research and Development magazine
use the same definition as NSF/Census,
and IRI uses virtually the same. The SEC
definition applies to data published by
Business Week and Inside R&D, whereas
McGraw-Hill provides fro definition.

I

nsf/census

Research a development includes
basic and applie research in the sci-
ences and in engineering, and design
and development of prototype products
and processes. Research and develop-
ment in*des activities carried on by
persons trained, either formally or by
experience, in the physical sciences in-
cluding related engineering, and the life
sciences including medicine but exclud-
ing psychology, if the purpose of such,'
actiyity is to do one or more of the follow-
ing things:

I

rt)

I. Pursue a planned search for new
knowledge, whether or not the
search has reference to a specific
application.

2. Apply existing knowledge to prob-
lems involved in the creation of a
new prOiclud or process, including
work required to evaluate possible
uses.

3. Apply existing knowledge to prob-.
lems involved in the improvement
of a present product or process.

securities and
exchange

commission

Industrial R&D data in Business Week.
and Inside R&D are taken from 10-K or
10-Q submissions to the SEC. In. provid-
ing an R&D definition, the SEC instructs
companies to list separately "If material,
the estimated amount spent during each
of the fast three fiscal years on company-
sponsored research lnd development
activities determined in accordance with
generally accepted accounting princi-
ples. In addition, state, if mater I, the
estimated dollar amount spent" during
each of such years on customer-spon-
sored resea* activities relating to the

11

ti

11,

K

development of neln( p"roductsf: services
or techniques or the improvement of ex-
isting products, services or techniques."
The word "material" refers to the dollar
amount of R&D spending. Company ac-
countants use their, .discretion in deter-
mining whether their firms' R&D ex-
penditures, as a percent of sales, are
large enough tor be listed' separately in
annual form 10-K submissions to the
SEC.

Inquiries made in "response analyses"
studies of the NSF/Census survey indi-
cate that most company accountants are
guided by Statement of Financial Ac-
counting Standards No. 2, "Accounting
for Research and Development Costs,"
promulgated by the Financial Account-
ing Standards Board (FASB), in reporting
R&D expenditures both in their annul
reports and in their 10-K submissions
the SEC. Staff from the FASB and NSF
pr$pared the definition contained 4n
Statement No. 2; consequently, the NSF/
.Census and FASB definitions of research
and development are 'essentially the
same. There are some wording dif-
ferences. For example, NSF/Census in-
eludes pilot plants in connection with an
R&D project,

facilities
the FASB defini-

tion includes facilities constructed for a
partictilar R&D project for which there is
no alternative use. NSF/Census instruc-
tions also ask companies to exclude re-
search in the social sciences and psychol-
ogy from their R&D expenditures,

5



whereas the-FASB,definilion contains no
reference to these two fields of science..

'lb understand better the effects of dif-
terent reporting methods used by com-
pany accountants, the Census Bureau
compared the R&D expenditure data
provided by the trip 200 R&D-perform-.
ing companies in the NSF/Census sur-
vey with their SEC fo(m 10-K submis-
sions (table 3). Data from approximately
one-third of the companies differed sig-
nificantly because their 10-K data in-
cluded such items as engineering and
routine technical services. The R&D
data, printed in Business Week and Inside.
R61), are taken from form 10-K. There-
fore, expenditures for engineering and
routine technical services are sometime~
included in the R&D dafa listed for corn-

,
ponies in these two publications.

inside r&d
See SEC definition above.

business week
See SEC definition above.

I

S.

mcgraw -hill

McGilw-Hill does not provide re-
spondents with a definition of research
and development. The questionnaire,
does request the percent of total R&D
spending'allocated toward new prod-

, ucts, new processes, and improving ex-
isting products.

research and
development

magazine

Uses NSF/Census definition. See
above.

t

battelle memoria
institute

Uses. NSF/Census definition. See
above.

%It

12

industrial research
institute

IRI uses a definition, developed in
consultation with FASB,/ that appears to
be essentially the same as that used by
NSF/Census. Research and develop- .

ment are defined in the'following man-,
ner by IRI:

Research is plarined search or critical
investigation aimed at discovery df new
knowledge with the objective that such
knowledge will be useful in developing
new productsiprocesses/services, or
bringing about a significant improve-
ment to existing products/processes/
services,

Dclelopment is the translation of re-
search findings or other knowledgeinto
.plan or design for new, modified, or
improved products /processes /services
whether intended for sale.or use. It in-
cludes the conceptual formulation, de-
sign, and testiniosiViroduct/proCess/
service alternatives;-the construction of

' prototypes and the operation of initial,
scaled-down systems or pilot plants. .It
does not in'61ude routine or periodic al-
terations tc.tAting products, produc-
tion lines, manufacturing processes,
services and other on:going operations
even though those alterations may rep-.
resent improvements.
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treatment of
dorriestiad
spending by fo?eigq
firms

Or

All eight MED reports include R&D
expenditures in this country 1237 U.S.
companies. The NSF' /Census survey
funding totals include research and de-
velopment performed within the United
States by foreign-owned firms, but this is
estimated to be less than.5 percent of
total U.S. industrial R&D expenditures.
In addition, the NSF/Census survey
asks, as, a Separate data item, the dollar
value of U.S. companies' research and
development performed abroad, but this
figure is shown separately from the to-
tals for research and development per-
formed in the United States,

SEC 10-K's include U.S. companies'
Axpenditures on research and develop-

ment performed abroad and some for-
eigrlicompanies' expenditures on re-
search and development performed
within the United States, SEC 10-K's are
required of "companies with securities
listed on national security exchanges,
companies with securities traded over
the counter which are registered under
Section.12(g) of thty Securities Exchange
Act, and certain companies required to
file pursuant to Section 15(d) of the Se-

curities Exchange Act as a result of hav-
ing securities registered up- der the Se-
curities Act of 1933."' Registered com-
panies which are "incorporated in. a
foreign country other than a North
American country or Cuba are t t re-
quired to file a 10-K form."' Companies
required to submit 10-l's are instructed
to report on,foreign opefations including
research and development performed
abroad.

Inside R&D uses SEC data. See above.
Business Week uses SEC data. See

above.
McGraw-Hill asks for "R&D per-

formed in your company in the United
States.' Forms are sent to foreign firms
trading on U.S. stock exchanges if they
have operations, such as R&D facilities,
in the United States.

Research and Development magazine
includes expenditures on research and

2 U .S Securities and Exchang Commission, ['Urchin/ of
Compante,c Required to rile Annual Reports, July 31, 1984, p. 1.

1 3

Mit

.

development performed in the United
States by foreign companies and ex-
cludes funds spent on research and de-
velopment performed abroad by U.S.
companies. ,

Battelle also includes expenditures on
research and development performed in
the United States by fortafpucompanies
and excludes funds spent on research
and development performed abroad by
U.S. companies.

IRI surveys only its members, several
of which are foreign-owned companies
performing research and development
in the United States. It is not clear from
IRI's survey form or from the instruc-
tions whether or not companies should
include in their totals research and de-
velopment performed outside the Unit-
ed States.

* * * *

In fhe remainder of this report, each of
these sources of industrial R&D informa-
tion is described in detail, including,
where appropriate, tables showing rela-
tive differences between amounts pub-
lished by each' source and NSF/Census
data.

7



analyses of specific
surveys 4/

Title; Survey of Industrial Research and
Development

Performers: NSF/Census

DeScription: Survey designed to.obtain
total U.S. R&D performance data from a
statistically valid sample of industrial
firms undertaking research and develop-
ment in the United States.

The sampling unit for the survey is the
company, defined as a business organi-
zation consisting of one or more estab-
lishments under common ownership or
control. The sample for this survey is
drawn approximately every five years.
The Kost recent sample of 11,500 corn-
pailies was selected for, the 1981 survey
from two sources: the 1981 Standard Sta-
tistical Establishment List (SSEL) for sin-
gle units and the 1981 Enterprise Statis-
tics multiunits file.

Approximately 1,500 companies from
this sample are mailed the survey form
every year. Each of these firms either
spends at least 51 million of its own and/
or Federal funds on research and de-
velopment an nually or is included to ob-
tain 95 percent coverage (of total R&D
expenditures) of a particular industry. In
the absence of respondent data, which
averages less than 2 percent for total
R&D expenditures, the Bureau of the
Census. estimates data for items as re-
quired in accordance with paSt perform-
ances and industry averages.

L.,
The remaining companies in the sam-

ple receive a survey, form only for the
year the sample is drawn. In ncmsample
years, estimated da6 for these com-
panies are based on actual data from
other companies with similar charac-
teristics receiving and completing the
survey form annually.

in addition, etch year Department of
Defense and National Aeronautics and
Space Administration lists of, R&D con-
tractors are reviewed by the ensus Bu-
reau staff to ensure that companies re-
ceiving R&D funding awards from these
agencies are included in the survey.

Questionnaires are mailed in January
followir4 the year to be surveyed. Pre-'
liminary results are available in late sum-
mer. Complete data are available in a
publication entitled Researchlipd Develop-
ment _it:industry (Detailed gtatistical Thbles)
12 to 1$ months after the survey year.
The most recent detailed data cover 1982
and are contained in Research and De-
velopment in Industry, 1982 (NSF 84-325).
Unpublished preliminary data for 1983
are also available.

Information on sampling ratios and
standard error of estimates are included
in final survey reports, together with
definitions and descriptions of the sur-
vey methodology and'Iimitations of the
data.

frequency: Annual

14

'1

Key elements: Ineltides R&D expend-
itures by source of funds, total domestic
net sales, total domeitic employment,
R&D scientists ,and engineers; piojected
company R&D Outlays, type of R&D-
cost, fields of basic research, applied re-
search and development by product
field, geographic distribution ofJ &D ex-
penditures, energy research and de-
velopment by source of funds and type
of energy source, pollution abatement
research and development, research and
development performed outside the
company, and research and develop-
ment performed abroad. These statistics
are prqvided forpthe total sample and on
an industry-by-industry basis; e.g., the
Machinery industry, etc.3

This is a statistically valid survey of
research and dev4Iopment: Also, be-
cause this,survey-collects more data ele--
ments than the other surveys, it affords a
broader understanding of industrial
R&D performance.

Companies are required by law to re-
port total R&D expenditures, Federal
R&D expenditures, and domestic net
sales and employment, thus providing
virtually complete coverage of the large
R&D performers on these items. The re-
sponse rates for the voluntary questions,

The aggreg,ation of data for Rnne items by individual
industry affords a greater level pf detail than other.
surveys



howevei, are lower:Uhl/A a company
fails to provide data for a particular ques-
tion, the-Census Bureau must impute ...)
(estimate) the firm's expenditures, using.

for
averages. If an imputation rate

or a particular industry exceeds 50 per-
Cent the data are not published, al-
though they are used in computing to-
tals for the various R&D categories. In
addition, data for some iteAs'are not
published because of possibleisclosure
Zif R&D expenditures made by individu-
al cornpaniei.

The standard error of estimate for the
survey is lesthan 0.5 percent. Standard
errors for individual industries for 1982
are contained in table 2.

Title: Annual Report Pursuant to Section
13 or 15(d) of the Securities Ex-
change Act of 1934 (Form 10-K)

Performer: U.S. Securities and Exchange
Commission

Description: Consists of reports from all
publicly held companies. Data must be
filed within 90 days after the fiscal year to

- which the report applies. Thus, Iriost
1983 data were available,in the spring of
1984. R&D data areThot aggregated by
the SEC. Individual company reports,
however, are available to the general
public.

Frequency Annual

Key elements: O an individual corn-
, pany basis -R&D expenditures by
source of funds; R&O 'scientists and en-
gini,ers employed by source of funds;
sales; profits.

Comparability to NSF/Census Survey:
Privately held companies, regulated util-
ities, and transportation companies,
some of which perform substantial
amounts of research and development,
are generally not required to submit 10-K
reports, whereas the NSF/Census sur-
vey ilects R&D data for these firms. In
addition, companies with R&D expend-'
itures judged by their accountants as too
small to be -materiar.do not report R&D
figures separqtely to the SEC.

The Census Bureau staff compared
BUS ittetiti Week's compilations of 1976,
1981, and 1983 R&D data (from form 10-

jp

Table 2. Standard error of estimate' (percentage) of funds for R&D performance far all
company size-groups and for companies with less than 1,000 employees by Industry:

1982'

.

. Industry .

4

.

SIC code

,--

Standard error2

Standard error
, of companies

with less than
1,000

emploiees

Total (3) - 10

Food and kindred products 20 - 1 21

Textiles and apparel , 22,23 3 22 ii
Lumber, Wood products, and furniture 0 24,25 2 , 23
Paper and allied products 28 "1 - 36
Chemicals and allied products 28 1 9

IndUstrialcilemicals
6

Drugs and medicines
Other chelnicals

281-82,288
283

284-85,287-89

(3)
.3 .

2

-
. 16

15
14

Petroleum refinirv) and related industries 29 (3) 6

Rubber products , 30 ' 3 32
Stone, -clay, and glass products 32 1 23
Primary metals 33 1 22

Ferrous metals and products 331:32,3398-99 (3) 15

Nonferrous metals and products 333-36 4 26

Fabricated metal products 34 2 18

Machinery 35 1 11

Office, computing, and accountiffg 2

machines ., 357 (3) 15.

Other machinery, except electrical 351-56,356-59 2 10,,

Electrical equipment. .. 38 1 17

Radio and TV receiving equipment 365 1' 20
Communication equipment 366 1 19

Electronic components 367 (3) 17

Other electrical equipment 361-64,369 2 41

Motor vehicles and motor vehicles
equipment' 371 (3) 14

Other transportation equipment 379-75,379 1 9
Aircraft and missiles , 372,376- 1 91

Professional and scientific instruments .... 38 2 20

Scientific and mechanical measuring
instruments 381-82 4 *32

Optical, surgical, photographic, and other
instruments 383-87 (3) 8

-4.

21,27,31,34 1 13 .Other manufacturing industries
NonmanufacturIhg industries 07.17,41-67,737,

739,807,891 7 27

' Onte we not avertable for I963. ,

2 The percentage (or rotative) standard errors In this table may be converted to standard errors of estimate by mufti:trying the percentage shown by

Me astoctated estimate.
. ,

3 Lass that; 0.5 percent.

SOURCE. Bonreu of the Census

K) with R&D data on companie' own
R&D funding supplied by individual
firms responding to the NSF/Cerisus
survey. Data from each source for the top
200 R&D-performing firms (according to
the NSF/Census survey) were com-
pared. These comparisons revealed that
the difference between the two sources
in overall R&D spending increased from

3 percent in 1976 and 1981 to 8 percent in
1983.

The Census Bureau staff also adjusted
each company's NSF/Census and 10-K
data to make them as comparable as pos-
sible. To do this, the amount of fund's'
provided to outside organizations in
R&D contracts and the amount of R&D
funds spent rbroad were added-to com-

.
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pany-financed .U.S. R&b expenditures.
(These three data elements are reported
separately; in the NSF/CenSus survey.)
Each company's;otal was then compare'd
with that firm's 10-K data (which already
included' the costs of research and de-
velopment contracted out and. per-
formed abroad). Once these adjtvt-
ments were made, the remaining varia-
tion for a particular company agpeared
to be largely attributable to thle inclusion .
in the 10-K form of engineering and rou-
tine technical services along with R&D
expenditures. For example, 9 of thesSO
largest R &D spending companies in-,
cluded engineering in the 1983 R&D fig
ure' they reported to the SEC.

Data ft5r 1983 from the top. 200 R&D-
_perorming companies were found to

- vary as follows: 62 c6mpanies supplied.
data in the NSF /Census survey that were
within 3 percent of their 10-K submis-
sions; data for 32 companies differed by 3 .
percent to 10 Percent; data for 44 'corn-

- panics differed by 10 percent to 25 per-
cent; and data for 26 companies differed
by more than 25 percent. In addition, 316
companies were not included in the Busi-
ness Week compilation, primarily because
they were piivately helcrjr foreign--
owned.

Table 3 shows the results of the Census
comparison on an aggregated industry
basis.

j.

. title: IIX) Biggest R&D Spenders 'n U.S.
Industry

. Performer: inside R&D newsletter

Description: Inside ViD lists informa-
tion acquired from Compustat presenta-
tions of companies'Iorm.10-K's filed
with the SEC for the 100 largest spenders
of company R&D funds. Inside R&D does
.no surveying or data collection of its
own. The company data for the previous
year are published the first week of June,
e.g., 1983 data were published in the
June 6, 1984, newsletter. Inside R&D
provides an estimate of the percentage
increase in total company funds for re-
search and development, comparing
data from the year under discussion with
those from the previous year. Inside R&D
advises readers that R&D expenditures
of the 100 companies are approximately
77 percent of industry-funded research

-r

Table1NSF/Census and SEC-form 10-K reports comparison of R&D
expenditures from the RD-1 survey and 10-K reports fot the

top 200 Census R&D companies: 1976, 1981 and 1983

Industry Code

-Percentsdifference of SEC 10-K
RD-1 figure

figure to

1976 1981 1983

Total 3 3
-÷

8

- +- 9 + 1Food and kindred products
'textiles and apparel 22,23
Lumber, wood products, and furniture .. 24,25 1 0 + 2
Paper and allied products 26 4 25 -12 0
Chemicals and allied products 28 t 2 17 , + 3
* Industrial chemicals 281- 82,288 -+ 1 +17 + 1

Drugs and medicines 283 4- 4 +23 + 4.
Other chemicals 284-85,287-89 0 7 + 1

Petroleum refining and related
industries 29 7 + + 8

Rubber products 30 f 14 + 13 +23
Stone, clay and glass productS 4-10 +'5 + 9
Primary metals '33 8 6 (b)

Ferrous metals and products 33t-32,3398-99 0 + 6 (D)

Nonferrous metals and products. . '333-36 14 4 6 (D)

Fabricated metal products -90 434 + 6, - 5 . 6

Mach 'tnery 35 4- 6 24 9

Office, computing, and accounting
machines 357 8 - 27 -13

Other machinery, except electrical 351.56,358-59 NA2 -13 8

Electrical equipment Iv 36 12 7 roe. -32

Radio and TV receiving equipment , . 365 NA -19 (D)

Communication equipment -14 13 -48
Electrical cornponeets e' 2 19 -10
Other elearicat equipment 361-64,369 112 -15

Motor vehle,1 and motor vehicles
equipme ,. '371 3 9 -13

Other tr nation equipment 373-75,379 NA .2
Aircraft and missiles 372-376 7 7 + 9
Professional and scientific instruments . 38 +11 + 3 + 4

Scientific, mechanical, and measuring
instruments 381-82 6 + 3

Optical, surgical.'phatograptslet-and
other instruments 41`"

Other manufacturing incii:istries
383-87

21,27,31.49
,

33
3

30 (81
Nonmanufacturr 7-12,14-17S

7,739,
80 891 7 0 -28

the top 200 R&D companies is In this Industry
avakisbi but included in total

3 radio & TV receiving equipment.

NOTE. (D) Dela withheld to wood discloeing compaiy Information

SOURCE. "Survey of Industrial Research and Devetopmen* t983' Bureau of the Census and &mess Mrs*, .ialy 9. 1964

and development performed in the Unit-
ed States. Data are not aggregated into
individual industries.

Frequency: Annual

Key elements: On an individyal com-
pany basis---/ompany-funded R&D ex-
penditures, pmentage change from
previous year, R&D as a percent of sales,
net income as a percent of sales, R&D
funds spent per employee. On an indus-
try-wide basis,--an estimate of the in-

16

crease in the current year's company-
funded research and development.

Comparability with NSF/Census Sur-
vey: Inside R&D aggregates the data from
the 100 companies and does not attempt
to estimate the amount spent on all com-
pany-funded research aria development
performed in the United States. A com-
parison of the annual percentage in-
creases reported by Inside R&D with
those of the NSF/Census data for the
1981-83 period Showed that the two sets

11
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of data we're within 3 percentage points
of each other (table 4),

Table 4. Inside R&D and NSF/Census .

comparison of increases in company R&D'
funds: 1981-83

NSF/Census
percent change
from previous

Year year

1981 + 16

1982 + 13

1983 + 9t

Inside R&D
percent change
from previous

year
3 +13

2 +. 13

' lims4:447.4D data from Me Jiainual
Spenders in U S Industry, June 2,
1984
Based on 50comormes

3 Baud on ye (711:4114111

SRC Natant! Sclence Founds(

Title: R&D Swrebo

Performer: Business

3 +10

on Me 100 R&D
June 1. 1983, and June S.

a

Wgek magazine

Description: Estimates of company-
funded R&D spending for U.S. industry
and for individual industries -i.e., "in-
dustry cbmposites," based on data for
800 companies compiled by Standard
and ['oor's Compustat Services from 10-
K data submitted to the Securities and
Exchange Commission. Business Week
tallies the data for apprikimately 800
companies meeting its,R&D' spending'-
criteria ($1 Aolion or 1 percent of sales)
and.then reports the, spending increase

the total 'of Those companies. No at-
impt is made to estimate total S: in-

'try R&D spending. Business Week as-
sign. and aRvegates the company data,
into "indutry composite" clissifica-
tions. Previous war's data are available
in late or or early July.

Frequency: Annual

Key elements: On individual company
_and "industry composite" basis--- -prof-
its, prD expenditures, research and de-
velopment as a percent of sales, research
and development as a percent of pretax
profits, and R&D funds spent per
employee.

%Comparability with NSF/Census Sur-
verstiu.smess Week includes 80U corn-

-w

12

panics; the R&D total is al,out 10 percent,
lower than that of NSF/Census. Esti-
mates of the annual change iri company-
funded R&D spending for the 800 com-
panies are only 1 percentage point dif-
ferent from those of NSF/Censu's be-
tween 1981 and 1983 (table 5), Individual
industry comparisons are difficult be-
cause Business Week's "industry corn-,
posite" groupings cannot be disaggre-
gated to match the SIC code groupings of
industries used by NSF/Census.-

Table 5. Businiss Wild and NSF/Cequs
comparison of increases in compaily

funds: 1981-83

NSF/Census Business Week'
percent change percent change
from previous from previous

Year year years

1981 ... . 1e +15

1982 +13 + 12

1983 9 +113

Sus/miss KW* data from July 5_1982, June 20. 1983 and July 9.
1984 ewes

/ Based on 800 companies.

SOURCE NaOonal Sconce F:pundritkan

Title: Business Plans for New Plant nd
Equipment, R&D Section

Performer: McGraw-Hill Publications
Company r

Dtription: As part of a survey of ap-
proximately 1,800 companies on capital
investment in industry, McCraw-Hill an-
nualksurveys 1,200 companies on R&D
expenditures. Responses are received
from more than 300 firms. The survey,
requests total (including company and
Federal) R&D expenditures in the pre-
ceding year, and projected 1 -yeah and 3-
year percentage increases. These per-
centages are applied to previously pub-
lished NSF/Census figures to yield RD
projections for both total and individual
industries for the ensuing year and for
three years into the future. The estimates
are usually available in May. McG,raw-
Hill published 1984 estimates in a May
1984 release entitled "Twenty-ninth An-
nual' McGraw -Hill Survey of Business'
Plans for Research and Development Ex-
penditures, 1984-87."

t

Frequency: Annual

Key elements: Previous andcurrent year
figures for research as a percent of sales,
and research and development as a per-
cent of capital spending. Projections are
made for R&D expenditures; Hew prod-
uct sales; new products as a percent of
sales; and percent of R&D expenditures
used for new products( new processes,
and improvement of existing products,

Comparability with NSF/Census ur-
vey: McGiaw-Hill does not prow' re-
spondents with specific definition and
the.R&D expenditure estimates ar ub-
lished without informatio'h on s vey .

methodology, weighting for n n-
response, and imputation rates. Al-
though a-survey followup is conducted, .

the response rate is low. Since defini-
tions and instructions are not provided;
estimates may include, capital expend-
iares for some companies but not for
others; some companies may report re-
search and development contracted out,
whereas others report only intramural
R&D activities; and market research ex-
penditures may be included in some
company responses. A comparison of
overall McGraw-Hill estimates with,NSF/
Census data for the 1981-83 period
shows that each year their rates of
change were within 3 percentage paints,
of each other (table 6). On an individual
industry basis, the variations were much
greater (table 7).

, Table 6. McGraw-Hill and NSF/Census
comparison of Increases in total industrial

R&D funds: 1981-83

1981

Year

NSF/Census
percent change
frorii previous

year

+16

McGraw-Hill'
percent change
from previous

year

+17

1982 +14 I +17

1983 + 9 1 4- 8

McGraw -HR estimates from 213tir, 27th. and 28th Arinual McGraw-
Hid Surveys (May 1981. 1982, and 1963).

SOURCE National Soarer Foundation

17.



Table 7. McGraw-Hill and NSF/Census comparison of total R&D expenditures for minded
industries: 1981.83

[Dollars in 'millions]

Jr'

Industry NSF/Census McGraw-Hill'
Percent

difference

Total r
Chemicals and allied products
Primary metals and fabricated metals products
Machinery/ ,:

Electrical equipment and comm icatiog
Motor vehicles and other tran nation

4
equipment

Aircraft and missiles
arand scientific instruments

Other manufacturing
Norimanufacturing

Total

Chekcals and allied products
Primary metals and fabricated metals products
Machinery
Electrical equipment and communication
Motor vehicles and other transportation

equipment

A

1983

$64,401 $60,794 6

7,208
2NA
8,399

14,059

5,502
14,553

NA
NA
NA

6,826
1,378

2,874
12,750 -

5,399
13,506

4,741
6,348
1,972

5
NA
- 6

9

2
7

NA
NA
NA

1982

-58,960 59,743 + 1

6,588
1,575
7,879

11,925

4,962

6,663
1,631

8,939
1?,949

6,270

+ 1

+ 4
+13.,
+ 9

+26

Aircraft and missiles 14,045 11,736,. -16 ,

Professional and scientific instruments 4,047 3,300 -18
Other manufacturing 5,771 6,328 +10

Nonmanufacturing 2,168 1,927 -11

1981

Total $51,810 . $50,514 .3
Chemicals arid allied products 5,625 5,465 + 3
Primary metals and fabricated metals products 1,502 1,307 13

Machinery 6,818 6,425 6

Electrical equipment and communication 10,329 11,596 -+ 12

Motor vehicles and other transportation

se
equipment '24,929 5,543 +12

Aircraft and missiles 11,968 9,097 24

Professional and scientific instruments 3,614 2,695 -25
Other manufacturing 'NA NA NA

Nonmanufacturing
^^

NA' 2,666 NA

McGrawi440 estimates trom 26tb, 27th. and 28tb Annual McGraw-Hilt Surveys (May 1981. 1982, and 1983) ..

2 Estimated by Industry Studies Group, NSF
NA means 'not wettable

SOURCE National Science Foundation

Title: Forecast for R&D Funding

Performer: Research and Development
magazine

Description: Forecast of national R &D
expendituresgfor the entire economy, by
the four Major R&Dperforming sectors,
i.e., industry, the Federal Government,
universities, and other nonprofit organi-
zations, for the ensuing year. Industry
estimates are 1:lased primarily on NSF/
Census survey results, Securities and

Exchange Commission (form }0-K) re-
ports, company annual reports, and a
telephone survey of approximately 45
companies. The telephone survey is con-
ducted in late November. Federal fund-
ing estimates are based on Federal bud-
get and appropriations da4. Estimates
for the year,are published in the January
issue of the magazine.- No estimates are.
shown for individual industries.

Frequency: Annual

18

Key elements: Estimate§ of R&D ex-
penditures by source of funds for the
current year.

. .

COntarability with NS F/Census Sur-
vey: Coffipany-financed R&D expend-
itures and total R&D funds are published
for the industry sector. The informal sur-
vey sample used for the industry esti-
mate, however, is not statistically valid
because not all industries are adequa ly
represinted. The difference between
search and Development magazine's an-
nual total estimates and NSF actual fig-
ures has become smaller over the past
fi, years (fable 8).

Table 8. Research and Development
magazine and NSF/Census comparison of

compang"R&I) funds: 1981-83

Year

NSF/Census
percent

change from
previous year

Research and
Development
magaiinel

percent /
change from
previous year

1981

1982

1983

Research and DIVEVAMOnt Magazine estimates from January
1901, 1962, and 1983 *SW*

SOURCE: National Scisnce.Fovndation

Title: Probable Levels of R&D Expend-
itures: Forecast and Analysis'

Performer: Battelle Memorial Institute

Description: Projections of total R&D
funds by source and by performer for
ensuing yeah. Individual industry pro-
jections are also made. All projections
employ a Battelle-generated model that
incorporates data from the NSF R&D se-
ries, SEC reports, and other secondary
sources. No survey is conducted. Projec-
tions are available annually in December
in the Battelle publication 'Probable Lev-
els of R&D. Expenditures, Forecast anti
Analysis." The latest information avail-
able in this series, published in De-
cember 1984, is projections for 1985 and
for 1986.

Frequency: Annual
wIR
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Key elements: R&D projections for in-
dustry as both a source of R&D'ends
'anti an R&D 'performer; company re-
iearch and development by individual
industries; cost of research index.

Comparability with NSF/Census Sur-
- yey: Battelle uses the latest available'

NSF /Census data as a statistical base for
its projections. Battelle's projections for
total industry research and developinent
between 1981 and 1983 7vere, each year, 6
percent to 10 percent blow NSF/Census
data, and there were larger differences at
the individual industry level (tables 9
and 10). Battelle bases its projections in
December in part on eccSnornic factors
which may change during the ensuing
year; this may explain some of the dif-
ferences between those projections and
NSF/Census actual data.

Table 9. Battelle and NSF/Census
comparison of increases in company R&D'

funds: 1981-83

NSFCensus
percent

change from
Year previous year

.1981 + 16

1982 + 13

1983 +. 9

Battelle'
percent

change from
previous year

+ 13

.11

+ 8
' Battelle profectrens from 'Pmbabre Le.sts el RID Expenditures.

Forecast and Analysts," December 1960, 1961. and 1962.

SOURCE National Science Foundation

rr.

Title: (RI Trend's Survey

Performer: Industrial Research Institute
(IRI)

Description: A survey of 'IRI members
(about 275 companies) on various as-
pects of research and development. IRI
members include almost all large U.S.
R&D performers with the exception of
some major aerospace companies. The
most recent questionnaire was mailed in
the early summer of 1984 and asked for
total R&D spending changes to be cate-
gorized in a unique manner (e.g.,
"slightly less," "significantly more,"
terms which were not defined) for the
ensuing year. Information is not pre-
sented for individual industries.1The
findings were published in ,the March-

14

Table 10. Comparison of NSF/Census actual data with Battelle projections of company
R&D funds: 1981-83

[Dopers in millions]

Industry NSF/Census Battelle
Percent

difference

Total

1983

$43,386 $40,751 6

Food ancl,kindred products 2NA '723 NA
Chemicals and allied-products 6,764 6,1,50 tt 9
Petroleum refining and extraction NA 2,161 NA
Stone, clay, and glass products NA 511 NA
Primary metals NA 803 NA
Fatricated metals products NA 1.711 NA
Machinttry 7;246' 7,546 + 4
Electrical equipment and communication 9,034 7,621 -16
Transportation equipment and missiles 8,475 , '8,553 +
Professional and scientific instruments NA .3;2134' ' NA
Other manufacturing NA .NA
Nonmanufacturin4 NA ;997 NA

1982

Total $391901 $37,188 71

Food and kindred products .. 745 ' 720 3
Chemicals and allied prodUcts 6,155 5,270 -14
Petroleum refining and extraction 2,002 1,556 -_22
Stone, clay, and glass products 418 478 +14
Primary metals 727 907 +25
Fabricated metal products 512 583 +14
Machinery 7,020 6,656 -5
Electrical equipMent and communication ..... 4- 7,336 6,436 -12
Transportation eqUipment and ,missiles 8,346 8,815 +6
Professional and scientific instruments 3,401 2,721 -20
Other manufacturing 2,059 2,049 0-
Nonmanufacturing 1,180 995 -16

1981

Total $35,428 $31,960 -10
---

645 + 1Food and kindred products
Chemicals and allied products 5,C 4,735 -9.
Petroleum refining and extraction 1,780 1,453 -18
Stone, clay, and glass products 411 457 +11
Primary metals ,,02 713 + 2
Fabricated metals products" 545 407 25
Machinery 6,124 6,023 2
Electrical` and communication 6,409 6,043 6..equipMent
Transportation equipment and missiles 7,739 6,564 -15
Professional and scientific instruments ......1. 2.978 '2,087 -30
Other manufacturing 1,851 1,= + 8
Nonfnanufacturing 1,048 -20

Rotections fixxn "Probable Levels of R&D Expencktures. Foment and Analysis,' Bereft* Memonat institute,
Oscenty 1961 (Tor 1962), and December 1982 (for 1903),

2 NA MOWS "not available.'

SOURCE: National Science Foundation

April 1985 issue of Research Management.
magazine.

Frequency: Annual, beginning, in 1984;
periodic earlier years

Key elements: Survey requests estimates
of annual changes rather than absolute

1900 OM 19811,

levels of expenditures or personnel' Re-
spondents are asked to project changes
for R&D expenditures; direct salaries
and wages attributable to -research and
development; capital spending for R&D
operations; research and development
contracted out; grants and contracts fors
research and development performed by
universities; -distribution of R&D costs

19



into support of existing businesses, di-
rected basic research, an new-businesS
projects; the ratio of poncentralized to
centralized corporate R&D efforts; reit,
search and development for citstontero
technical services; research and develop,'
ment for existinpr proposed legislation;
R &D professional and support ertiploy-
ment; new graduates hired; top manage-
ment,attention to research and develop-
ment; number of new ventures;.licens-

0

(

4

a

4.

ing technology from others; licen3ing s
technology to others; extent of Govern-
ment R&Ffsupport; R&Ds expenditures
as a percent of sales; and operational
costs per R&D profissional.

Comparability with NSF/Census Sur-
vey: Since the IRI survey asks for de-
scriptive changes in R &D funding (i.e.,
"significantly les," "slightly less;"ap-
proximately the same,"Aghtly

F

I

r

20

and "significantly more`;) without
providing percentage ranges to guide
companies in selecting ap ropriate cate-
gories, it is difficult to comps 1R1'6,find-
ings with those of NSF /Census.. Data
comparisons are further inhibited by
two additional factors: All responses are
treated equally regardless of the size of
the corripaiiies',F&D programs, and
some major aerospace companies did
not participate.-

4
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other science resources publications -'

NSF No. Price

Science Resouhe ptudies.
Highlights

R&D Funds
-Federal /Ncademic R&D
Funds Continue St?ong
Growth Through 1985' . 85-314
"Academic' R&D Funding
Increased 7'4 in EY 1983;
ffgher Gains Expected
Through 198.5" 85306
"7,t, Real Growth Expected
in 1985 National R&D
Expenditures: Defense and
Economy Major Factors"
"Defense and Space
Res...arc* and Development
Emphasized in 1985
Budget"
19$3 Mani Biology
Research Expenditures
Totaled S200 Million and
Were Concentrated in
Land-grant Lnstitutions" 84-327

S/E Personnel
"Shortages Increase for
Engineering Personnel in
Industry' 85-309
"Graduate ST Enrollment
Rose 4`.: in 1981, with
Major Gains in Computer.
Science and Engineeking" 85-313 In press
"Ph 1) Scientists and
Engineers Shift to

'Industrial Employment and
."Related Acti i t 85-301
'Women and NonU.S.
Citizens Responsible for
Increase' in Production of
Science and Engineering
1)0 torates in 1981" 84-328
'Science anct Engineering
lobs ( ,raw twice as East as
Chvrall U.S. Employment
with Industry Faking the
Lead" 444-319
".science and Engineering
Employment in Academia
Gresvvyi- in 1981" . 84-317
"One-tourth of Academic
Research Equipment
Ilassified Obsolete" 84-312
P182 lob Market for New

science and Engineering

85-304

84-333

In press

I
4

NSF. No. Price

Graduates About the Same .
as That of Previous Year," 84-310
"Industry Reports
Shortages of Scientists and
Engineers Down
Substantially from 1982 to
1.983" 84-303
1982 Doctorate Production
Stable in Science and
Engeering Fields, Bin
DoM in Science and
Mathematics-Education' 83 -330
No Change in Science and

Engineering Student
Quality Seen bY 60% of
Academic Officials: At
Least 25% PerceiVe
Improvement" 8,3-322

. 17;rowth in Neuroscience
May Be'Leveling Off"' 83-314

Detailed Statistical Tables
R&D Funds
Academic Science/
Engineering: R&D Funds,
Fiscal Year 1983 85-30$
Federal Funds foRResearch
and Development, Iiiscal
Years 1983, 1984, and 1985,
Volume XXXIII 84-3J6

S/E Personnel
Academic Science/
Engineering: Scientists and
EngiReers, January 1984 85-316
U.S. Scientists and
Engineersx 1982, Volume. 2 85-307
Characteristic.; of Doctoral
Scientists and Engineers in
the United States: 1983. 85-303
Academic Science/
Engineering: Graduate
Enrollment and Support,

19143 85-300
1982 Postcensal Survey of.
Scientists and Engineers ... 84-330
U.S. Scientists and
Engineers: 1982, Volume I 84-321
Scientists, Engineers, and
technicians in Trade and
Regulated Industries: 1982 84-320
Characteristics of Recent
Science/Enginering
Graduates: 1982 ..... . . 84-318
Science and Engineering

21

NSF No. Price

Doctorates: 1960-82 83-328
Scientists, Engineers, and
Technicians in
Manufacturing and
NOnmanufacturing
Industries: 1980-81 83-324

I:
Reports
R&D Fun,di.
Federal Funds :Tor Research
and Development, Fiscal
Years 1982, 1983, and 1984,
Volume XXXII . 84-326
Federal R&D Funding by A

Budget Function: Fiscal
Years 1983-85 84-316 ----#
Federal Support to
Universities, Colleges, and
Selected Nonprofit
Institutions, Fiscal Year
1982 84-315

SlE,Personnel
Federal Scientific and 4
Technical Personnel:

- Numbers and
Characteristics, 1983 and
1973 85-312 -In press
Scientific and Technical
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